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SPECIAL INSTRUCTIONS. 



The chief of bureau desires to impress upon each observer the 
importance of presenting only plain facts in both the regular obser- 
vational data and also in record sheets from automatic instruments 
and tabular data compiled therefrom. 

Any of these records may be required in courts of justice. By a 
decision of the Supreme Court of the United States they are admis- 
sible as evidence. 

The object of paramount importance is to secure the highest attain- 
able degree of accuracy, and no effort is spared at the central office 
to eliminate the effects of occasional imperfections in automatic 
records and the usual mistakes of calculation. 

Any action on the part of observers to conceal the true circum- 
stances, such as attempting to fill in missing records in a manner to 
make them appear as automatic and original, is liable to defeat the 
aim of scientific observation, and therefore it is imperative that every 
modification of the automatic records shall be accompanied by a 
marginal note plainly stating the facts in the case. 

It is expected that observers will be on the alert to prevent the 
occurrence of errors or imperfections, and, by special observation, 
securft such data as may aid in supplying missing records. 

The instructions herein are furnished for the guidance of observers 
in the preparation of records from recording instruments, and will 
replace and take precedence of all similar instructions heretofore 
issued. 

CMef Z7. S. "Weather Bureau. 
Washington, D. C, J woe i, 191S. 
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INSTRUCTIONS FOR OBTAINING AND TABULATING RECORDS FROM 

RECORDING INSTRUMENTS. 



(a) In all cases of the failure of instruments to record^ it is desired 
that observers supply the missing data whenever possible; yet this 
should in no case be don£ except in such manner as to sKow on its face 
(as, for example^ by the use of ink of different color) that this inser- 
tion is not an instrumental record. 

(b) Also^ if^ through an imperfect performance Of the clocks or a 
delay on the part of the observer to properly adjust the instrufnent or 
change the sheets at the times required^ the instrument makes an 
abnormal or improperly placed record^ such portions should not^ 
under any circumstances^ be erased from the sheet. 

{c) Brief margined notes of explanation should always be given, 
(d) Sheets containing imperfect records wAist nsver be destroyed, 

NEATNESS REQUERED IN RECORDS. 

1. When the triple, double, or single registers are in proper condi- 
tion and adjustment, wind velocities of 90 miles per hour can be 
recorded without difficulty, but if the pens are neglected and smeared 
on the outside with ink, or improperly adjusted and forced with ex- 
cessive pressure against the paper, the points soon become worn and 
clogged with dry ink, dust, and fibers of paper so that lines become 
heavy and the mile marks merge together at velocities of even 40 
miles per hour. 

The blotted, imperfect, and untidy ink records sometimes obtained 
at stations equipped with automatic instruments using pens can be 
wholly avoided, and fine, clear records can easily be secured by a 
little attention to neatness and the exercise of care in the inking and 
adjustment of pens. 

2. Pen^. — ^The ink should be replenished daily, and only enough 
applied to insure a supply during the next 24 hou^^s. Avoid 
smearing the ink upon the outside of the pen and over the nibs by 
which the pen is secured to the arm. These precautions will, in a 
measure, prevent an accumulation of dried ink and dust about the 
sides of the pen. Only the special ink provided for registering in- 
struments should be used. 

(5) 



3. The adjustment of the pen should be such as to insure the light- 
est possible contact at all parts of th6 sheet. It is found that ob- 
servers in many cases adjust the pen so that it presses too hard 
against the cylinder, thereby wearing away the point much more 
rapidly than is necessary and at the same time clogging it with 
particles of paper. Be careful to avoid this fault. The best way to 
judge of the amount of pressure between the pen and cylinder is to 
catch a pencil point under the end of the arm near the pen. The 
amount of pressure to the spring arm may be judged from the force 
required to lift the pen from the paper. ' 

4. The pen arm of single registers should be curved so as to cause 
the extreme point of the pen only to come in contact with the paper. 
It is also an advantage to bend the pen itself a little just back of the 
rounded portion, thus causing the point to touch the paper at a high 
angle. 

5. To start the flow of ink in a new or freshly filled pen, draw a 
piece of writing paper carefully between the points so as to wet the 
faces, but in a manner that will not bend or defoim the points or 
spring them too far apart. 

6. The lateral movement or stroke of the pen should not exceed one- 
sixteenth of an inch. A long stroke has a tendency to throw ink 
from the pen when too much has been added and cause bad blotches 
upon the records. 

7. Pens cleaned. — The pens should be removed from the instru- 
ment from time to time and thoroughly washed in water, scraping 
the parts of the pen a little with a knife blade to remove dried sedi- 
ment from the ink that is not washed off by the water. 

8. In cleaning the pens care must be exercised not to spread or 
otherwise injure the points. In order to give satisfactory results 
these points must be quite sharp and must very nearly touch each 
other; otherwise too wide a mark will be made on the form and 
records of high wind velocities will be indistinct. If after cleaning 
the flow of ink does not start, draw the edge of a thin sheet of paper 
between the points of the pen. 

9. Whenever the pen becomes worn so that a neat and distinct 
record can not be obtained, replace it by the extra pen kept at sta- 
tion and return the old one immediately to the central office by mail, 
in a package marked " Instrument Division," the pen being carefully 
protected from injury, using regulation mailing case, if possible. 
When received the pen will be repaired and returned, or a new one 
supplied, as occasion may require. In case an extra serviceable pen 
is not at station application should be made for one. 

10. Sheets blotted, — In removing the sheet from the cylinder the 
latter portion of the record will probably not be thoroughly dry, 
owing to the special properties of the ink, and it is therefore necessary 



to use care in slipping off the rubber bands, etc., in order to avoid 
blurring and smearing the record. When removed from the cylinder, 
sheets should, therefore, be laid carefully aside to dry or the super- 
fluous ink removed with a blotter. 

11. The barograph and thermograph pens, being mounted on flexi- 
ble springs, are easily set to gentle pressure against the cylinder; but 
the pens must be cleaned occasionally and every effort made to secure 
fine, clear lines. 

12. Wind-direction ink pads, — ^These should be carefully inked, 
and in such a manner as to avoid smearing the ink over any of the 
adjacent parts of the instrument. The quantity should be sufficient 
to produce the record for 24 hours, but not enough to cause bad blurs 
and blotches after inking. The pad should be removed from the 
instrument by withdrawing the pin holding it in place and the ink 
then worked into the pad, applying it with slight pressure by a 
small stick or flattened wire to both the top and under side of the 
felt, so that the latter is moistened with ink through and through, 
thus leading to a uniform strength in the, record obtained. 

13. Ink-pad felt renewed. — Occasionally the felt of the pad will 
need to be lowered and the end cut off or a new piece of cloth in- 
serted. This is easily done by removing the small metal plate 
covering and holding the pad. New felt will be furnished upon 
application. 

14. Points of direction arms cleaned, — ^The points of the direction 
arms also need occasionally to be cleaned from the accumulations of 
dust, dried ink, fibers from pad, etc. A brush such as is used in 
cleaning the typewriter can be employed with advantage, the magnet 
plate being turned back on its hinge and the ink pad removed so as 
to give access to the points of the direction arms. 

15. Thermograph clocks or those of other instruments exposed to 
outside temperature, sometimes stop at low temperatures because of 
the stiffening of the lubricating oil. Such clocks should not be 
reported unserviceable or turned over to be cleaned or regulated 
without first placing them in a warm room and ascertaining whether 
they will not perform properly under moderate conditions of 
temperature. 

16. Observers are authorized to have register clocks cleaned, re- 
paired, and adjusted by local jewelers, but in ordinary cases this 
should not be done oftener than once a year. Whenever a clock is 
cleaned or repaired a brief statement of the necessity therefor should 
be noted on the subvoucher submitted with the account, and in every 
case the official number of the instrument should be stated. 

It is expected that local jewelers or watchmakers attending to the 
cleaning, repairing, and regulating of these clocks shall guarantee 
their work for a year, as customary. 
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17. Observers can not be too strongly impressed with the impor- 
tance of keeping recording instruments in a neat and clean condi- 
tion. The whole question of clean and legible records is simply a 
question of daily neatness and a little intelligent care and attention. 

RECOBDS rROM SINGLE^ DOUBLE, AND TRIPUE REGISTERS. 

18. Sheets should be changed as nearly as possible at 12 noon and 
the clock regulated to correctly keep local standard time. If the 
sheet is changed after 12 noon and the clock is correct, the record 
will extend beyond the noon line. That portion of the record on 
the old sheet occurring after 12 noon^ correct time^ belongs properly 
on the new sheet, and should be omitted in counting up. the record 
from the old sheet and added to the record on the new sheet. 

19. An effort has been made to have all forms trimmed, except at 
one end, to exactly fit the various instruments ; but as this is difficult 
to do perfectly in great number, observers should examine each form 
and, if necessary, trim it to the correct dimensions, as indicated by 
dotted lilies, which may be seen near the edges of imperfect forms. 
The left-hand end will not be trimmed, but will be reserved for 
binding. 

20. Sheets should be wrapped closely about the cylinder and held 
by rubber bands. The pen should start the record on the sheet at the 
hour and minute corresponding as nearly as practicable to the correct 
time at the moment at which the cylinder is clamped to the clock- 
work. 

21. Time adjustment on triple registers. — It is of great impor- 
tance that the records of the different elements obtained by the triple 
register be strictly simultaneous. To test the instrument in this re- 
spect, set one of the time lines of the cylinder exactly under the points 
of the wind-direction arms when pressed against the paper; the 
points of the rainfall and velocity pens should fall as nearly as pos- 
sible upon the same time lin^e. Observers will adjust their registers 
to satisfy this condition as well as they can, calling the attention of 
the central office to serious defects. 

22. Wind-direction records centered. — Wind-direction records must 
be carefully centered in the appropriate space on the form, so that 
the respective arms strike over the corresponding letters upon the 
sheet. This is readily accomplished by the thumbscrew adjustment 
attached to the magnet plate of the older forms of registers, and in 
the latest pattern by slipping the cylinder upon its own axis. The 
cylinder is held by one hand and the axis (which must not be clamped 
to the clock) is revolved by aid of the enlarged portion at the left 
end of the cylinder until the direction arms are nicely centered over 
the proper letters on the record sheet. This adjustment can be made 
at any part of the sheet and the cylinder afterwards turned on its 



axis up to the noon or any other time line in the ordinary way. This 
adjustment of the record must be made each day when the sheet is 
changed, unless, after being once set, a mark is made on the cylinder 
at the end of the record sheet and the new sheets from day to day- 
thereafter placed upon the cylinder so that their ends come exactly 
at this mark. 

23. The lateral adjustment of the rainfall and sunshine pens should 
be such as to trace a line close to but not coincident with the spiral 
rulings on the sheet. They must not be adjusted to follow each other, 
but must be placed side hy side so that their respective records will 
be about one-eighth of an inch apart and at equal distances on either 
side of the longitudinal spiral lines ruled on the sheet. 

24. Lost motion in record cylinders, — In starting a record sheet a 
correct time setting can be obtained only by taking up properly the 
slack or unavoidable looseness in the connections between the cylin- 
der and the driving clock. The proper setting is secured if the pens 
indicate correct time, while the finger tip is drawn gently across the 
flange of the cylinder in such a manner as to tend to rotate it in a 
direction opposite to that in which it normally revolves. 

The most accurate adjustment of the record to the current time is 
made after the cylinder is clamped to the clock, by slipping it a little 
on its axis, just as the hands of a clock are slipped and set as may 
be desired. 

25. Incomplete records, — ^Whenever the record is incomplete a mar- 
ginal note must be made explaining the cause ; and if the anemometer 
fails to make a record tJie dial should he read as soon after discovering 
the failure as possible^ also at each 8 o^clock observation and at each 
noon during the incomplete record. A dial reading will again be 
made when the record is started. These readings, together with the 
time at which taken, will be entered on the lower margin of the form. 

In case of the loss of record for a period of 24 hours or more blank 
sheets for the period must be filled up with the name of the station, 
dates, and such data as can be obtained and forwarded with the regu- 
lar monthly package. 

26. Record sheets^ how mailed. — The sheets from 12 noon of the 
first day of one month to 12 noon of the first day of the succeeding 
month will be folded and mailed not later than the tenth day of the 
month. 

27. Register examined, — The register will be examined frequently. 
Every effort will be made to keep the instrument in perfect running 
order and the clock regulated to cc«*rect time. If a proper record is 
not secured, observers will endeavor to at once locate and remedy the 
fault. Should repairs be necessary that can not be made without 
expense, or should the observer be unable to put the instrument in 
working order, the central office will be immediately informed of the 
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fact by mail, reporting fully all action taken and describing all defects 
and difficulties in detail. 

28. Current velocity^ how obtained from register, — To obtain the 
current velocity from the anemometer record, take the number of 
spaces and parts of spaces between the mile marks recorded in the five 
minutes preceding the moment considered and multiply the result 
by 12, except when the wind has blown less than 12 miles an hour^ 
when the velocity for that hour will be determined as shown by the 
second example below. 

First example: Suppose the number of spaces indicating mile 
marks between 7.55 p. m. and 8 p. m. was IJ, then the velocity of the 
wind to be recorded at 8 p. m. is 1JX12=15 miles per hour. 

Second example : If the interval between the last two mile marks 
is 7 minutes, then the current hourly velocity would be obtained by 
dividing 60 by 7=8^ miles, recorded as 9 miles. 

29. Rule for dropping decimals, — ^Whole numbers only will be used 
in expressing the velocity ; when the decimal is over five-tenths the 
whole number will be increased by one; when less than five- tenths 
it will be dropped; when just five-tenths an odd unit's figure will 
be increased by one, but an even number will not be changed; for 
example, such numbers as 13.5 will be changed to 14, the " 3 " being 
odd, while 12.5 will remain simply 12, the " 2 " being even. 

When the anemometer cups are not moving at the time of a regular 
observation, the wind will be recorded as calm, whether or not one or 
more miles have been recorded during the last hour, and " cups not 
moving " entered on margin of register sheet ; if the cups are moving, 
a velocity of 1 mile or more will be recorded. 

30. Maximum velocity^ how obtained from register, — ^The maxi- 
mum velocity of wind for any period will be obtained by considering 
the number of spaces and fractions thereof between the mile marks 
in any 5 minutes where the velocity is the greatest and multiply- 
ing the result by 12 ; the product will be the maximum velocity for 
that period. 

If the shortest space between two mile marks in the period covers 
more than 5 minutes of time, then the elapsed time for said space 
will be the basis of the calculation. Example : If the shortest space 
between two mile marks is 13 minutes, then the maximum velocity 
is 60-7-13=4.6 miles per hour, which will be recorded on Form No. 
1001— Met'l as 5 miles. 

31. Extreme velocity, — The extreme velocity will be ascertained 
each day (from midnight to midnight) and will be computed from 
the mile of wind recorded in the shortest time, thus: Find the two 
mile marks nearest each other on the anemometer sheets from mid- 
night to midnight. Measure accurately the time, in minutes and 
tenths, between these marks (from beginning to beginning or from 
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ending to ending), using scale of minutes printed on cardboard re- 
ferred to in paragraph 32. Divide 60 by the time and the quotient 
will be the extreme velocity. Example: Suppose the time on the 
scale is 1.6 minutes, then, 60-^1.6=37.5, which is the extreme velocity 
for the day, and will be recorded on Form No. 1001 — ^Met'l as 38 
miles. 

32. Minute scales. — To secure greater accuracy in the calculation 
of wind velocities from anemometer records, especially " extreme " 
velocities, some sort of scale accurately graduated to minutes should 
be used in measuring the time between mile marks. Such minute 
scales printed on cardboard are now furnished for station use. 

33. Maxiimim and extreme velocities entered on wind sheets. — The 
"maximum" wind velocity (in any 5 minutes) and the "extreme" 
velocity (1 mile in the shortest time) occurring between the hours of 
midnight and midnight, will be entered in ink on Forms No. 1015 — 
Met'l and No. 1017 — Met'l immediately above these velocities as 
recorded by the self-register. Care will be taken not to obliterate 
any record, and the words maximum and extreme will be abbreviated 
thus : Max. 20, Ex. 30. 

34. Current wind velocity^ how obtained from dial. — ^To obtain the 
current velocity of the wind from the anemometer, make two readings 
of the outer dial with an interval of five minutes between them. The 
difference between these readings will be the distance,, in miles and 
tenths, traveled by the wind in that interval. This, multiplied by 12, 
will give the indicated velocity in miles per hour. Example : Suppose 
the index of the anemometer to be at 3.4 on the outer dial when the 
first reading is taken and at 4.1 five minutes after, the difference, 0.7 
mile, is the distance traveled in that time; and this, multiplied by 
12, gives a velocity of 8.4 miles per hour. 

35. The total movement by register for any period will be obtained 
by counting the mile marks recorded between the beginning and end 
of the period. Each tenth-mile mark will be counted as two. 

36. Wind moveinent from noon to noon^ l>y dial. — To obtain the 
total movement of the wind from noon to noon, subtract the reading 
of the anemometer dial at 12 noon of the preceding day from the 
reading taken at 12 noon of the current day; the difference will be 
the total movement. When the reading of the anemometer is less 
than the reading of the preceding day, 990 miles will be added to it, 
and the remainder, after subtracting the reading of the preceding 
day, will be the total movement. Example : The dial reading of to-day 
is 91, and that of yesterday was 950; hence we have 91+990=1081; 
1081—950=131, the total movement of the wind in miles from noon 
to noon. 

37. Velocity of wind, estimated. — ^Whenever, through a failure or 
otherwise, instruments are not available for directly measuring the 
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wind velocity it will be estimated by reference to the following 
scale : 



Name. 


Miles per 
hour. 


Calm 


0to5. 
6 to 15. 
16 to 25. 
26 to 35. 
36 to 50. 
51 to 65. 
66 or more. 


Light 


Moderate 


Brisk 


High 


Gale 


Hurricane 





38. Dial readings, — A reading of the anemometer dial will be made 
at noon on the 1st day of each month and at noon each Monday dur- 
ing the month, and will be recorded on the sheet just taken from the 
register. Only actual dial readings will be recorded. 

The accuracy of the anemometer record for each month may be 
verified at the end of the month as follows : Ascertain the total wind 
movement by register from 12 noon of the 1st day of the month in 
question to 12 noon of the 1st day of the succeeding month ; add to 
this the dial reading on the 1st day of the month being verified and 
divide the sum by 990; the remainder should equal the dial reading 
on the 1st day of the succeeding month. 

Example. 

Total movement, midnight to midnight 3,283 

Twelve hours preceding noon of the 1st day of month 70 



12 midnight to 12 noon of 1st of succeeding month. 
Dial reading on 1st day of month 



3,213 

22 

.— 303 



990)3,538(3 
2,970 



Dial reading on 1st day of succeeding month 568 

« 

39. Anemometers changed. — ^When the anemometer is changed, a 
note will be made on the lower margin of the anemometer record 
sheet, giving the date and hour of the change and the dial reading of 
both old and new instruments. If changed at noon, both readings 
will be recorded on the sheet just taken from the register. 

{a) The total movement for the 24 hours ending at 12 midnight 
will be used\s the total daily movement. 

(J) The pr^ailing direction of the wind for each hour will be 
entered in the hour spaces, page 6, Form 1001. Only one entry will 
be made as the prevailing direction for any single hour. If two or 
more directions are recorded an equal number of times on Form No. 
1017, consider the directions adjacent to the hour in determining the 
direction to be entered as prevailing. When the wind movement for 
any hour is entered as "0," the direction for that hour will also 
be " 0." 
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(<?) The prevailing direction for the day and for the hour as 
recorded at the foot of page 6, Form 1001, is the direction or di- 
rections which appear most frequently in the respective line and 
column. 

(d) The direction recorded the greatest number of times during 
the month will be considered and entered as the prevailing direction 
for that period. If two or more directions occur an equaL number of 
times, consider the adjacent directions in determining the prevailing 
direction for the month. Only one direction will be entered. 

(e) Hourly wind movement. — The number of miles of wind 
recorded each hour will be entered for each day on page 7, Form 
1001. 

(/) In counting the number of miles of wind for each hour the 
closing of the circuit should be counted as the mile and should be 
given to the hour in which the circuit closed. 

(ff) The record for each day on pages 6 and 7, Form 1001, must be 
completed on the day following that for which the entries are made, 
or as soon thereafter as practicable, and the total for each day com- 
pared with the total from midnight to midnight, for the same period 
of time, entered on the face of the wind sheet. 

(A) The average hourly velocity will be obtained by dividing the 
total movement by the number of hours in the month. 

(i) The maximum velocity during the hour will be entered in red 
ink in the upper left-hand corner of the hour space each hour that the 
maximum velocity exceeds the limit fixed by the official in charge, 
for entry in Form No. 1014. This velocity will be entered in the 
space provided at the top of the page. 

40. Precipitation, — Whenever a station is equipped with a record- 
ing rain gauge, that gauge will be regarded as the station gauge^ and 
the stick measurements of the amounts of precipitation it collects will 
be the official measurement of the precipitation at the station. 

In case a recording gauge is installed at a station previously 
equipped with an ordinary gauge, the recording gauge will be ex- 
posed at the place formerly occupied by the ordinary gauge, and the 
latter will be stored at the station as an extra gauge^ for use in case 
of emergency. 

41. Beginning and ending of precipitation, — The precise time of 
beginning and ending of precipitation can not be obtained from au- 
tomatic records with uniform accuracy under all conditions. The 
beginning and ending of sudden and heavy showers may be shown 
with very considerable accuracy, but the record of very gentle rain 
and snow falls, however, may begin an hour or more after the very 
first precipitation. Observers will therefore, as far as possible, make 
eye observations from day to day of the time of beginning and ending 
of the several periods of precipitation that occur. 



14 

Such eye observations will be recorded on the automatic record 
sheets (Forms No. 1015 A— Met'l, 1017— Met'l, and 1028— Met 1) 
by direct and reversed check marks, thus, (\^) (V), accompanied by 
the letters B and E, respectively, said check marks being placed 
alongside the record at the points corresponding in time on the sheet 
to the observed times of beginning or ending of precipitation. When- 
ever the time of beginning or ending is doubtful, the entry will be 
accompanied by a query mark (?). Any information that will aid 
in determining the hourly amounts and rates of rainfall, when 
imperfectly recorded, should be given. 

The characters B. D. N. or E. D. N. will be used to denote the 
beginning and ending of precipitation during the night. 

42. Whenever it becomes necessary to remove the recording gauge 
to the office, to prevent injury from freezing, stick measurements of 
the amount of precipitation collected in the snow gauge will be made 
as instructed in Circular E, Instrument Division. 

43. The precipitation collected in the tipping-bucket gauge will be 
drawn off at each 8 o'clock observation, the contents measured by 
stick in the measuring tube, and the amount recorded on Forms 
No. 1001— Met'l and 1015 A— Met'l or 1017— Met'l. 

When the amounts bv register and stick measurements for each 
observation are discordant by 10 per cent or more, a brief explana- 
tion of the cause of the discrepancy should be noted on the form upon 
which the disagreement appears. 

44. The hourly amounts of precipitation will be entered in red ink, 
near the middle of the hour period, on Forms No. 1015 A — ^Met'l or 
1017 — ^Met'l, whichever is used for obtaining the instrumental record ; 
for example, the amount during the hour from 1 to 2 p. m. will be 
entered near the 1.30 p. m. line on the sheet. In case of precipitation 
only partly recorded, the hourly amounts for the period during 
which the record was defective will be estimated, if sufficient data 
are available ; otherwise they will be omitted. 

The totals of the hourly precipitation must in every case equal the 
total precipitation by stick measurement. 

45. In tabulating excessive precipitation data from Forms No. 1017 
and No. 1028 for storms in which the rate of fall equals or exceeds 
the limits shown in the following table, the accumulated amounts 
for each successive interval of 5, 10, 15 minutes, etc., during which 
the precipitation continues at an excessive rate will be entered in the 
table provided for that purpose in the summary. Form No. 1001. 
Under head " Total duration " will be entered the beginning and 
ending of Drecipitation ; under " Excessive rate " will be entered the 
time precipitation began to fall at an excessive rate, which will not 
be less than 0.05 inch in five minutes, irrespective of the printed 
lines on the form, and the time the precipitation fell below that rate. 
This, however, must not be construed to mean that short periods 
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during the progress of a storm where the rate falls temporarily 
below this limit shall be excluded. When the rate falls below the 
lowest limit, 0.05 inch, in 5 minutes, for a period of 30 minutes 
or more the succeeding excessive precipitation will be tabulated 
separately. Under the heading "Accumulated depths of precipita- 
tion," etc., will be entered the accumulated amounts for the respec- 
tive periods, all periods beginning at the same point of time, which 
should be identical with that given under " Excessive rate, began — ." 
The tabulation will be continued so long as the excessive rate, as 
indicated above, continues. When the excessive rate extends beyond 
120 minutes the tabulation will be made for each 50 minutes sepa- 
rately, so long as the excessive rate continues. 

Table showing limits at which preoipitation may he considered as excessive. 



Duration in 
minutes. 


Depth of pre- 
cipitation in 
inches. 


Duration in 
minutes. 


Depth of pre- 
cipitation in 
inches. 


5 
10 
15 
20 
25 
30 


0.25 
0.30 
0.35 
0.40 
0.45 
0.50 


35 
40 
45 
50 
60 


0.55 
0.60 
0.65 
0.70 
0.80 



Storms in which the rate of fall for some portion of the time does 
not equal that shown above need not be tabulated. 

46. In the case of the records from the tipping-bucket gauge, it 
must be remembered that, in addition to accidental errors, due to 
defective action of the recording mechanisms, there will also fre- 
quently be found a discrepancy between the recorded and measured 
amounts, which is apt to increase with the rate of rainfall, and varies 
slightly with different gauges, and even with the same gauge under 
different circumstances, as regards cleanliness, moisture, etc. The 
observer must, therefore, apportion the corrections with reference to 
different rates of rainfall, remembering that hours of heavy rainfall . 
should receive greater corrections than hours in which the rainfall 
is at slower rate. 

In general, the method of apportionment illustrated in the follow- 
ing examples will be employed in correcting the automatic records 
for discrepancies referred to above: 

Example 1. — ^The recorded amount of precipitation is 1.14 and the 
amount by stick measurement 1.23, showing a deficiency in the re- 
corded amount of .09 This amount must be added to the record; 
that is, at the rate of 1 tip for each 12 tips recorded (1.14-i-.09=12; 
dropping all fractions). Therefore, in each group of twelve recorded 
tips one extra tip will be added, and the record thus corrected will 
equal the stick measurement. 

Example 2.' — ^The recorded amount is .86 and the measured amount 
.80, showing an excess in the recorded amount oi A^. Q^rs^a. ^w^ 
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must, therefore, be stricken out in each group of 14 recorded tips 
(.86-f-.06=14). 

In performing the divisions indicated in these examples, the ob- 
servers will always drop all fractions. 

47. In many cases the exact point at which a tip is added or 
stricken out is not of great importance, but, in general, these cor- 
rections should be made at those portions of the record showing a 
noticeably rapid rate. 

The points at which tips are stricken out in accordance with the 
foregoing instructions will be indicated on the record sheet by a 
small cross mark (X)? in red ink, and the points where tips are 
added by a caret ( A ) immediately underneath the point ; such markb 
will not be used for any other purpose on rain-gauge record sheets. 

48. TJiermometric sunshine records.-^The instructions following 
relate to the operation of the electrical sunshine recorder. 

Full details of the electrical circuits for this recorder will be found 
in Circular D, Tnstrument Division. 

49. Critical condition for registration. — The recorder will be ad- 
justed to such an angle that the mercurial column will just close the 
electrical circuit during times when the disk of the sun can be faintly 
seen through the clouds. If the cloudiness is such that the observer 
can not clearly distinguish the sun's disk, then the mercury should 
not rise high enough to close the circuit. Several trials on successive 
days may be necessary to secure the best adjustment. In altering 
the inclination of the recorder it is best to first make a chalk or pencil 
mark across the edges of the hinge joint of the support before it is 
loosened. Any change made in the inclination of the tube is then 
clearly shown by the amount the lines on the two parts of the hinge 
separate from each other. If it is desired to make a subsequent ad- 
justment, the first lines are easily erased and a new mark made. 

50. The glass jacket of the sunshine recorder should be cleaned 
once a week, or as often as necessary, especially in dirty, smoky cities, 
so as to maintain high transparency of the glass and prevent the ac- 
cumulation of a coating of dust and soot that will impair the sensi- 
tiveness of the instrument. 

51. When both sunshine and rain are recorded on the same sheet, 
the portion representing rain will be clearly marked by brackets, etc., 
and such footnotes added as may be necessary to completely identify 
the records, in case there is likely to be uncertainty. 

RECORDS FROM BAROGRAPHS AND THERMOGRAPHS. 

52. Sheets. — Barograph and thermograph sheets will each be 
clearly marked on the face of the sheet with the name of station and 
date, each day's record being dated as near the noon line for that 

i/aj^ as practicable. 
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53. Stations having barographs and thermographs, the cylinders 
of which make one revolution per week, will change the sheets during 
the mornings of the 1st, 8th, 15th, 22d, and 29th of each month. 

54. When an instrument is first put in operation the trace on the 
sheet should start at the proper hour. 

55. The lower edge of the sheet, which must be carefully trimmed 
in accordance with instructions in paragraph 19, should rest closely 
against the flange at the bottom of the cylinder, and the pen be 
adjusted to the proper temperature, or pressure, as the case may be. 
The barograph pen should be set to agree as nearly as possible with 
the reading of the mercurial barometer after the correction for tem^ 
perature and " simi of corrections," Form No. 1059 — ^Met'l, have been 
applied — ^that is, the barograph must indicate the " station pressure " 
recorded on Form No. 1001 — Met'l. 

56. Barograph and tliemhograph set for time^ temperature^ and 
pressure. — ^The barograph and thermograph records are set to cor^ 
rect time by forcibly turning the cylinder on its axis either forward 
or backward so that the pen indicates the exact time. It is not neces' 
sary to twist the sheet around on the cylinder nor to lift the latter 
partly upon its axis. 

57. The barograph is set to the true pressure by turning a screw 
under the base of the instrument. The instrument must be held up 
in one hand for this purpose or placed with one end projecting over 
the edge of a table, and the screw turned by the clock key. 

58. After the record sheet is on the cylinder the pen of the ther* 
mograph may be set to indicate the true temperature by adjusting 
the small screw over the bulb of the thermometer. This screw is 
turned by aid of the small end of the key used in winding the clock, 

59. In setting, it is best to tap or jostle the instrument somewhat 
in order to cause the various parts and levers to settle into their nor^ 
mal positions ; otherwise the pen, which may seem to be correctly set 
for a time, is likely to change its position without apparent cause. In 
any case, however, it is scarcely possible to set the pens exactly to the 
true temperature or pressure, and slight corrections are almost always 
required. 

60. Lost motion. — As explained in paragraph 24, it is necessary to 
consider the looseness in register cylinders when setting the record to 
correct time. Touch the -flange or edge of the cylinder lightly with 
the finger tip, and draw it off in a manner that will tend gently to re^ 
volve the cylinder in a direction opposite to that in which it revolves. 
Repeat the operation once or twice. If the pen does not then indi- 
cate the correct time, the cylinder must be shifted until a satisfactory 
setting is obtained. 

61. At the time of adjusting the barograph or thermograph pen, 
and when changing the record sheet, a reading of the station barome- 
ter (or dry thermometer) will be made and entered oia. tb^. tx.^^:^^ 
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sheets, together with the correction (in red ink) necessary to reduce 
the reading of the register to the standard. The correction to be 
tised for hours between this reading and the regular 8 o'clock or other 
I'eadings before and after will be determined from the correction 
card by use of a pin or pins, as explained in paragraph 67. 

62. Thermograph time error. — At the time of taking the a. m. ob- 
servation the observer will carefully touch with a lead pencil the lever 
projecting. from the thermograph bulb, so as to cause the pen to make 
a short vertical mark on the sheet. A note will be made on the first 
tiheet for each month, stating the time at which the pen is regularly 
touched. If it is touched more than 5 minutes from the regular time, 
a note will be entered stating the exact time the mark was made. 

63. Barograph tim£ error. — The pen arm of the barograph will be 
touched delicately at noon each day, so as to make a time-check line 
Upon the record sheet. If the times of touching the pen are not 
within 5 minutes of noon, the exact time will be noted on the record. 

In producing these marks great care must be exercised not to strain 
the lever mechanisms in any way. The weight of an ordinary lead 
pencil is amply suflScient to make the mark, which should not be more 
than one-eighth of an inch in length. 

64. When the pressure or temperature at any particular station is 
such that the record might pass off the edge of the sheet or not be at 
all included in the rulings, observers will change the numbering of 
the lines by some convenient whole number and ad j ust the pen of the 
instrument accordingly. 

65. Corrections. — Owing to imperfections in barographs and ther- 
tnographs, more or less frequent comparisons should be made with 
standard instruments. The difference between the indications of the 
two constitutes a correction by which the automatic records are re- 
duced to standard values. Such corrections apply not only to the 
hours at which the comparisons are made, but also affect values for 
intermediate hours, and, as the correction may change from time to 
time, the determination of the most probable correction for any par- 
ticular hour is greatly facilitated by the use of the device known as 
the " Thermograph correction card." 

66. Correction card^ how used. — Ascertain the difference between 
the thermograph reading and the dry-bulb thermometer reading at 
any 8 o'clock observation under consideration; then set the rubber 
band on the card in a notch at the left-hand edge corresponding to 
this difference. 

If this difference, or correction, must be added to the thermograph 
reading to make it agree with the dry-bulb reading, then the band 
must be set above the middle line, or, if the difference must be sub- 
tracted, set the band below. 

In a similar manner set the band in a notch at the right-hand edge 
of the card corresponding to the difference between the thermograph 
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reading and the dry-bulb thermometer reading at the next 8 o'clock 
observation. 

The thermograph correction at any hour between the 8 o'clock ob- 
servations is the distance above or below the middle line of the point 
at which the band crosses that particular hour line. 
Example. 
Difference at first 8 o'clock observation : +2 (band above middle line). 
Difference at nest 8 o'clock observation: — 3 (band below middle line). 
Hourly correclioni taken to the nearest unit. 

9 10 11 12 1 2 3 4 5 6 7 
+2-1-1 + 1 0—1—1—2—2—3 

This card will also be used in a similar manner for correcting baro- 
graph readings, 

67. Eye readings of the ther- 
mometer and barometer at exact 
hours, as provided for in para- 
graph 61, should be used to check 
and correct the corresponding 
recording instruments. If the 
correction at 12 o'clock, for ex- 
ample, was +3,. and at 3 o'clock 
+1, then if pins be stuck in the 
card at these points the rubber 
band may be deflected in the 
manner shown in the figure, and 
a complete series of corrections 
for the 12-hour period from 
8 a. m, to 8 p. m. determined. 

The readings of the self-regis- 
tering maximum and minimum 
thermometers should also be used 
in connection with the 8 a. m. 
and 8 p. m. and all other readings 
of the dry thermometer, in order 
to determine the corrections to 

be applied to the thermograph 

, ., I ,.!„,, ViG. 1. — ThBrraogrnpli coi-recUon card. 

trace throughout the 24 hours. 

When the maximum or minimum temperature occurs exactly at 

8 a. m. or 8 p. m. the thermograph correction for that hour will be 

determined from the reading of the dry thermometer only 

68. These corrections will also be entered on the trace sheet in 
like manner, and will not be accompanied by explanatory phrases 
such as " Correction at time of max.," " Correction at time of min.," 
" Correction at 8 a. m.," etc., as these unnecessary entries confuse the 
record. 
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69. Hourty readings. — At stations designated by the central office 
the hourly readings of the thermograph, at the exact hour, after being 
corrected for instrumental error in accordance with instructions, will 
be entered in black ink on page 5, Form 1001, in whole numbers. 
The reading at 8 a. m. and 8 p. m., seventy-fifth meridian time, and 
at all other hours at which eye readings are made of the dry ther- 
mometer, when they correspond to an exact hour, standard of time 
in local use, will be entered in the proper hours, and in the same hour 
column will be written, in red ink, with its appropriate sign, the 
correction for the self -registering instrument. All eye readings at 
hours other than 8 a. m. and 8 p. m., seventy-fifth meridian time, 
will be underscored in red ink. When the standard of time in local 
use is not seventy-fifth, ninetieth, one hundred and fifth, or ohq 
hundred and twentieth meridian time the 8 a. m. and 8 p. m. readings, 
seventy-fifth meridian time, will not be entered, but the correction^ 
at these hours will be entered at the nearest hour, standard of time 
in local use, and the correction will be applied as usual. 

{a) In case the register fails to record for a portion of the day 
the missing data should be supplied by interpolation; the data thus 
obtained will be connected by an asterisk to an explanatory note on 
the margin of the form. 

(&) Only data for whole days will be used in obtaining sums and 
means. 

(<?) Footings.— ThQ sums and means will be determined from the 
data entered in accordance with the foregoing instructions, the means 
being recorded to tenths. 

{d) Average hourly reading. — The mean of the column headed 
" Sum " will be obtained by dividing the total sum by the number of 
hours in the month. 

RECORDS OF SUNSHINE. 

70. Page 4 (Form 1001) will be prepared at all stations where an 
automatic record of sunshine is made, except at those that have been 
authorized not to do so. The character of the day and average 
cloudiness will be entered at all stations. 

71. The actual time sunshine was recorded during each hour will 
be entered to the nearest tenth of an hour in the appropriate columns 
under heading " Sunshine recorded during hours ending " (4 a. m. 
to 9 p. m., standard of time in local use). 

72. The " Character of sunrise and sunset " will be recorded as 
clear, cloudy, foggy, hazy, or smoky, depending upon whether the 
sun was visible or obscured at the time of sunrise or sunset. When 
the character of sunrise or sunset is cloudy, foggy, hazy, or smoky 
the time these conditions obtained will be deducted from the fuU 
possible twilight correction. 
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73. It is not intended that observers shall go on duty at unreason- 
ably early hours in order that the character of sunrise may be deter- 
mined, but it is believed that, without much inconvenience, sufficiently 
accurate data can be obtained by noticing the character of weather 
immediately upon rising and by inquiry of persons who may have 
occasion to be up at time of sunrise. 

74. The " Twilight correction " will be the difference between the 
time of sunrise for the latitude of station (as shown by Sunshine 
Table, Edition 1905) and the time at which the sunshine record 
began, and the difference between the time the sunshine record ended 
and the time of sunset (shown by table), provided the sky was clear 
during both these periods. If there were clouds, fog, etc., on the 
horizon sufficient to obscure the sun, either morning or evening, the 
time the sun was obscured should be deducted from the correction, 
as determined above. 

75. The twilight correction will be apportioned among the morning 
and evening hours during which the sun shone and the register failed 
to record. The amount which belongs to each hour will be entered 
in red ink to the left of and above the entry of the amount of recorded 
sunshine. The twilight correction thus entered will be included in the 
sums entered at the bottom of the page. 

76. Under " Hours of sunshine " the column headed " Total " will 
be the total recorded, including twilight correction. The " Possible 
hours of sunshine," recorded in the succeeding column, will be com- 
puted from the time of sunrise and sunset, as previously taken from 
Sunshine Table, edition 1905. 

77. In order that the first and last of the monthly " sums " under 
" hours ending " shall not be discordant with the " divisors " em- 
ployed at the end of the month, the first and last fractional propor- 
tions of the " twilight correction " will be recorded each day to the 
nearest hundredth of an hour, provided the sun when at the horizon 
was not obscured ; all other entries will be to the nearest tenth. 

78. The " Percentage of possible hours of sunshine " will be ob- 
tained by dividing the total for each day (total recorded, plus twi- 
light correction) multiplied by 100 by the " Possible " for the same 
date. 

79. The " Percentage of possible for each hour " will be determined 
by dividing the " Sum " multiplied by 100 by the number of hours of 
possible sunshine for the entire month during the hour indicated by 
the heading of the column. Except for the hours ending shortly after 
sunrise or sunset the " Hours of possible sunshine " will be the same 
number as there are days in the month. The divisors to be used for 
the hours ending shortly after sunrise and sunset are given in Sun- 
shine Table, edition 1905. The " Percentage of possible " for the 
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month will be determined by dividing the sum of column headed 
" Total " multiplied by 100 by the " Possible " for the month. 

80. All percentages will be recorded to the nearest whole per cent. 

81. If at any time the amount of sunshine recorded by the instru- 
ment is known to be incorrect, either because the instrument fails to 
record when the sun is faintly obscured by thin haze, cloud, light fog, 
or light smoke, or because it continues to record for moderate cloudi- 
ness which obscures the disk of the sun, the true amount, as deter- 
mined by eye observations, will be entered in the proper hour spaces 
in black ink and an explanatory note made on the margin of the 
form and on the original record sheets. A slight readjustment of 
the angle of inclination of the glass tube will eliminate imperfect 
results of this character with the electrical sunshine recorder. 

82. No twilight corrections for the first and last hours will be 
entered under the conditions given in paragraph 81, but the record 
for the entire time will be in black ink. 

83. When hills, trees, or buildings in easterly and westerly direc- 
tions cause the actual times of sunrise and sunset to differ from those 
in the table, the observer will note, about the 15th of each month, or 
oftener if the horizon is very irregular, the time of actual sunrise 
and sunset for the center of sun's disk and note those observations 
on the margin of the page. 

INSTRUCTIONS FOR OPERATING THE HYGROGRAPH AND TABULATING 

RECORDS THEREFROM. 

84. The following instructions provide for the compilation of 
bihourly hygrometric data from observations made by means of the 
thermograph and the recording hair hygrometer, and the data will 
be compiled at all stations which are equipped with the hygrographs. 

86. The data require the tabulation of readings from both the 
thermograph and hygrograph, and, in order to avoid unnecessary 
labor in this connection, the readings will be taken off only for inter- 
vals of two hours, corresponding to the even hours of the day, 
. namely, 2 a. m., 4 a. m., etc. The bihourly readings from the ther- 
mograph will be tabulated on Form No. 1026-A and made up in 
accordance with existing detailed instructions for tabulating readings 
from thermographs and barographs, paragraphs 52 to 69 (c), except 
that entries will be made only for even hours and the computation 
of daily means will be omitted. 

HYGROGRAPH. 

86. Care of instrument. — All ordinary existing instructions for the 
use of the thermograph and barograph will likewise apply to the 
hygrograph in so far as they relate to those instruments in general ; 
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that is, the adjustment of the clock to correct time, time checks, care 
of recording pens, etc. In the case of the hygrograph, of course, 
every reasonable care must be exercised to preserve the normal con^ 
dition of the hairs. The practice of washing the hairs with clean 
water once a week, using a camel's-hair brush, will be continued for 
removing dirt and sooty accumulations that result from exposure in 
cities, but it is probably not necessary, or advantageous even, iix 
country regions where the instrument retains its cleanliness for a 
much longer period. As long as the instrument gives a good record 
and is in close accord with the whirled psychrometer, there appears 
to be no necessity for deranging its condition by cleaning, etc. This 
matter is left to the judgment of the observer. 

87. The hygrograph should be kept adjusted to agree more or less 
closely with the whirled psychrometer, but frequent adjustment 
should not be necessary and would indicate that the instrument is 
more or less unreliable. 

88. Comparative observations. — At the time of the regular 8 o'clock 
observation of the whirled psychrometer the observer will carefully 
note the actual humidity as shown by the pen of the hygrograph at 
the time of the observation, entering the same on Form 1083 or other 
memorandum. This reading is for the purpose of determining the 
true correction of the instrument at that hour. Experience shows 
that, owing to the rapid change of the humidity on some occasions 
and the slow movement of the record sheet, a true result can not 
always be obtained by comparing a reading from the curve with an 
eye reading of the psychrometer at a particular moment. The dif- 
ference between the humidity obtained by reading the pen of the 
hygrograph and that deduced from the psychrometer will constitute 
the correction for the recorded humidity for that particular observa-* 
tion, and will be utilized in tabulating the records as hereinafter 
explained. 

89. Tabulation of readings. — Headings from the hygrograph rec- 
ord sheet will be tabulated on Form 1026~A for the even hours of 
the day — that is, for 2 a^. m., 4 a. m., 6 a. m., 8 a. m., 10 a. m., noon, etc. 

90. At the time of the regular eye observation (8 o'clock, seventy •> 
fifth meridian time) , the entry of humidity will be the true humidity 
obtained from the whirled psychrometer, and in this same column 
will be entered in red ink the correction found for the hygrograph 
for this particular hour. 

91. If the eye observation is made at 5 a. m. local standard time, 
then the interpolated correction used for 6 o'clock will be entered in 
red ink in the 6 o'clock column, or when the eye reading is made at 
7 a. m., then the interpolated correction used for the 8 o'clock reading 
will be entered in the appropriate column. The intermediate read^ 
ings, between observations, will be the readings taken from the hygron 
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graph record sheet (making due allowance, if necessary, for errors in 
time of the clock) , and correcting the sheet reading by an interpolated 
correction obtained in the customary manner by use of the so-called 
"Thermograph correction card" — all as already explained. If any 
eye readings of the whirled psychrometer are made reguUxrly 
between the standard observation hours, a correction for the hydro- 
graph at the time of the reading should also be obtained and used in 
reducing the humidity readings as far as practicable. 

92. Means, — The sums and means will be made up on Form No. 
1026-A for the month only, those for the day being omitted. 

93. Additional humidity data, — ^The data obtained as explained 
above give only the relative hunddity^ a quantity which is more or 
less vague and indefinite by itself and of little use in studies of the 
atmosphere. The vapor pressure will, therefore, be added to the 
tabulation and will be obtained by the use of the aocompanjring 
hygrometric table and entered on Form No. 1026 A in the appro- 
priate column. In case values of humidity, vapor pressure, etc., are 
needed, or called for, for hours not appearing on Form No. 1026 A, 
such values can readily be found by direct arithmetical interpolation 
or by the processes of smooth curves, and the results thus obtained 
will be quite as accurate in most cases as the remainder of the data. 

HYGROMETRIC TABLES. 

94. These tables express the relations existing between the tem- 
perature, the relative humidity, the pressure, and the dew-point tem- 
perature of aqueous vapor. When any two of these quantities are 
known the other two can be found, as also the so-called " saturation 
deficit," which during recent years has been used by a number of 
Writers on evaporation and moisture problems. 

95. Examples, — The following examples will elucidate the use of 
the tables: 

{a) Given: Temperature 72°, relative humidity 63 per cent; to 
find the vapor pressure, dew point, and " saturation deficit." 

Opposite temperature 72° in column 60 per cent we find vapor 
pressure^ 0.470. The proportional part for 3 per cent is found in 
the same horizontal line opposite 72°, and is one- tenth the vapor pres- 
sure in the 30 per cent column, namely, 0.1X0.235=0.024. Hence 
the total vapor pressure for 72°, 63 per cent=0.470+0.024=0.494. 
To find the dew-point temperature, find the quantity 0.494 in the 
100 per cent column. By interpolation in the usual manner this is 
found to correspond to the temperature 58.7°, which is the tempera- 
ture of the dew point. 

The saturation pressure for 72° (see 100 per cent column) is 0.783. 
The "saturation deficit" for the present example is, therefore, 
0.783—0.494=0.289. 
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Example 2, 

(6) Given: Temperature 65°, vapor pressure 0.564; to find the 
relative humidity, dew point, and " saturation deficit." 

Opposite temperature 65° we find 0.554 as the vapor pressure at 
90 per cent relative humidity. The nearest proportional percentage 
corresponding to the differences 0.564—0.554=0.010 is found by 
inspection to be 2 per cent; that is, one-tenth the pressure in the 
20 per cent column and 65° line, viz, 0.012. Therefore, the final 
relative humidity becomes 92 per cent. 

Determining the dew point and the "saturation deficit" in the 
same way as in the first example, they will be found to be 62° and 
0.062, respectively. 

In a similar manner, having given the " saturation deficit " and 
the air temperature, or the " saturation deficit " and the dew-point 
temperature, the other undetermined quantities can be readily 
obtained. 
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HTOBOMETBIO TABIDS (BNOUBH XTNITS). 
Sho^KrluiT relation betvreen temperature, relative humidity, dew point, and pressure of aqueous vapor. 
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